Experimental
Reagents Calcium and barium solutions were prepared by dissolving their chlorides in water, the concentration being determined by the EDTA titration. The solutions were 0.100 M (M=mol dm-3).
Carbon dioxide gas was bubbled into a reaction mixture through a sintered glass filter stick from a 20 dm3 gas holder after diluting it with an equal volume of air. 5, 6 Instruments A Hitachi-Akashi Scanning Electron Microscope MSM-101 was used for observing the precipitates. A JEOL X-ray diffractometer JEX-7E was used to analyze the crystal structure.
A Nippon Jarrell-Ash Co. Atomic Absorption/ Flame Emission Spectrophotometer AA-1 MARK-II was used for the chemical analysis of the precipitates.
Coprecipitation of calcium and barium carbonates
A series of mixtures were prepared in tail beakers (100 cm3) by mixing equimolar (0.100 M) solutions of calcium and barium in the volume ratios (in cm3) 10:0, 6.5:3.5, 5.0:5.0, 3.5:6.5, and 0:10, diluting with 80 cm3 of water, and adjusting the pH to 10 with an ammoniaammonium chloride buffer solution. The solution was heated to 80°C and the carbon dioxide gas diluted with air was bubbled into the solution at the rate of 18 cm3 min-'. The precipitate, formed by bubbling carbon dioxide gas for different periods, was filtered off and washed with water. It was then observed with the aid of a scanning electron microscope and analyzed with a Xray diffractometer. The precipitate was also analyzed for calcium and barium by the flame emission analysis after the dissolution in hydrochloric acid. The scanning electron micrographs of the precipitates produced during the coprecipitation are shown in Fig. 5 . The morphological properties of the coprecipitated particles depend not only upon the composition of the initial reaction mixture, but also upon the composition of the precipitate formed. 4 Calcium carbonate was precipitated as rod-shaped particles (A1 and A2 in Fig. 5 ). Barium carbonate was also precipitated as rod-shaped particles that grow along the long axis of the crystals as the precipitation proceeds (B, and B2 in Fig. 5) .
The coprecipitated particles, obtained from a solution containing 6.5X103 M calcium and 3.5X103 M barium, were a mixture of spindle-shaped particles and cubic-like particles at the initial stage of the coprecipitation (C, in Fig. 5 ). When carbon dioxide gas was bubbled into the reaction mixture for several minutes, spindle-shaped particles were deposited (C2 and C3 in Fig. 5 ). The above-mentioned mixed particles were produced from the solution containing calcium in higher concentration, and the spindleshaped particles were produced from the solution containing barium in higher concentration. The particles coprecipitated in an equimolecular solution of calcium and barium were a mixture of cubic-like particles and lumpy particles, which were considered to be intermediate between cubic-like particles and spindle-shaped particles (Dl in Fig. 5 ). As shown in Fig. 3 , the content of calcium was larger than that of barium in the particles formed at the initial stage of the coprecipitation.
Therefore, the lumpy particles were formed. On the other hand, spindleshaped and cubic-like particles were formed at the middle and the final stage of the coprecipitation, respectively (D2 and D3 in Fig. 5 ). The spindle-shaped particles were formed in the solution containing a great excess of barium, as shown in Fig. 3 .
As the concentration of residual calcium was similar to that of barium in the reaction mixture at them final stage of the coprecipitation, the cubic-like particles were formed. The particles which coprecipitated in a solution containing 3.5X103 M calcium and 6.5X103 M barium were cubic-like in shape at the initial stage of the coprecipitation (E1 in Fig. 5 ). But at the final stage, spindle-shaped particles were formed with cubic-like particles (E3 in Fig. 5 ). When carbon dioxide gas was bubbled into the reaction mixture, as shown in Fig. 4 , the resulting precipitate contained comparable amounts of calcium and barium, therefore it consisted of cubiclike particles. After that, the concentration of barium became higher than that of calcium in the reaction mixture, so the spindle-shaped particles were formed.
The lattice constants of the crystals formed by the coprecipitation of calcium and barium carbonates at 80° C were changed according to the contents of calcium and barium, as shown in the previous paper4, and then the coprecipitated particles were solid solutions of them, in spite of the morphological properties mentioned above. This kind of coprecipitation system can be applied to concentrate trace components for analysis of alkaline earth elements. For example, a trace of barium will be easily coprecipitated with calcium carbonate produced at 80° C. The crystal is aragonaite type which belong to the orthorhombic system. But calcite, which is calcium carbonate produced at room temperature, coprecipitates very little barium.' The trace of barium will be coprecipitated with calcium carbonate (agagonite type) at the initial stage of the precipitation. Trace ion can be easily coprecipitated with the compound which is to form a solid solution with that ion.8 
